ABSTRACT A durable termite bait containing 0.5% novißumuron was evaluated for physical durability, retention of active ingredient, consumption by termites, and toxicity to termites over 5 yr in Þeld studies at locations in Indiana, Mississippi, and South Carolina. Plots in Indiana and Mississippi included both natural rainfall and irrigated plots, while plots in South Carolina received only natural rainfall. Samples collected every 3 mo for the Þrst 4 yr were evaluated for consumption with a 7 d no-choice bioassay using Reticulitermes flavipes (Kollar). Consumption and toxicity of 5 yr samples were evaluated in similar bioassays conducted for 42 d. Durable baits received from Þeld sites had some cracking, and a small amount of external ßaking, but no major deterioration based on visual observation. There were no signiÞcant differences in novißumuron concentration over the 5-yr period and no trend toward reduced concentrations of novißumuron over time. Consumption of aged durable baits over 4 yr was variable, but termites usually consumed more aged durable bait than fresh durable bait and the differences were frequently signiÞcant. There were some exceptions, but termites consumed signiÞcantly more fresh durable bait than aged durable bait in only 4% of observations. When 5 yr samples were evaluated, consumption was lowest for fresh durable bait and termites consumed signiÞcantly more aged durable bait from irrigated plots in Indiana and from both natural and irrigated plots in Mississippi than fresh durable bait. Survival of termites fed blank durable bait was signiÞcantly higher than that for termites fed any of the baits containing novißumuron and there were no signiÞcant differences in survival among the novißumuron durable baits. Our results suggest that the bait would be durable for at least 5 yr and possibly longer under most environmental conditions.
tested a durable bait consisting of a cellulose bait hermetically sealed within a polyethylene foam sheet. This bait was designed to be serviced at intervals of up to 1.0 yr. The bait was discovered and consumed by the Formosan subterranean termite, Coptotermes formosanus Shiraki, but was susceptible to penetration by plant roots and presumably other soil organisms. Su (2007) cited the advantages of a durable bait as elimination of the monitoring phase, thus reducing the cost of servicing, reduced disturbance of termites in stations, and utility in large areas such as agricultural Þelds where routine servicing of stations is impractical. In addition, a durable bait can be placed in the stations at the time of station installation, making the bait available to termites immediately and continuously.
In 2007, a durable bait consisting of reÞned cellulose and a polymer binder with 0.5% novißumuron, a chitin synthesis inhibitor, was developed (Recruit HD, Dow AgroSciences LLC, Indianapolis, IN). This bait was readily consumed by termites in the laboratory and was toxic to a number of economically important termite species (Hamm et al. 2013) . In Þeld trials, Eger et al. (2011) found that the bait matrix was discovered and consumed by subterranean termites more readily than wood monitoring devices over a 1-yr period. The bait appeared to be quite durable (i.e., did not deteriorate), but Þeld trials were needed to conÞrm that the aged bait continued to be durable, retained the active ingredient, and remained palatable and toxic to target termite species over time. This article presents 5-yr results of durability trials initiated in 2007. Bait. The bait was a cylinder (Ϸ3 cm in diameter and 17.5 cm in length), composed of composite material containing cellulose and 0.5% novißumuron. The cylinder was cut lengthwise into two equal pieces because we were experimenting with the addition of technology that might be incorporated later. We felt that a cylinder cut lengthwise into two pieces should be less durable because of the increased surface area, and wanted to test the potentially less durable conÞguration. An intact cylinder is currently being marketed.
Materials and Methods

Study
Trials were initially intended to run for 4 yr with 10 baits removed quarterly from each site and moisture treatment and sent to the laboratory for testing. For this reason, 160 baits were installed at each site and moisture treatment. After 3 yr, it became evident that the bait would prove durable for Ͼ4 yr, so the number of baits removed quarterly was reduced to 6 and the sample interval was increased to 6 mo for the interval 42Ð 48 mo and then to 1 yr after the 48 mo sample, so that some baits remain in the Þeld for future analysis. The baits sampled were sent to the Dow AgroSciences termite laboratory in Indianapolis, IN, for evaluation. The physical durability of baits was determined by visually examining the baits for signs of degradation. The amount of novißumuron present in samples from selected times was determined on a percentage (wt:wt) basis using standard analytical method (Dow AgroSciences unpublished report DAS-AM-G-08-26). Four samples from Wayside natural and irrigated plots at 18 mo after installation, four samples from each location and moisture treatment at 21 and 36 mo after installation, and three samples from each location and moisture treatment at 48 and 60 mo after installation were analyzed.
No-Choice Feeding Bioassays. To evaluate consumption of aged baits, no-choice feeding bioassays were conducted using test arenas that consisted of a plastic harborage chamber (5.5 cm in diameter by 3.6 cm in height) and a foraging chamber consisting of a 100-by 25-cm plastic petri dish (Fig. 1) . The two chambers were connected by a 7 cm piece of Tygon tubing. A 1-cm-diameter hole was cut into the top of the harborage chamber and the hole covered with Þne-gauge screen to provide ventilation. The harborage chamber was provided with 0.65 g of vermiculite, 60 g of clean river sand, and 10 ml of distilled water. The termite species used in these trials was Reticulitermes flavipes (Kollar) collected from a number of localities in southern Mississippi (Harrison Co.) and shipped to Indianapolis or collected in Seymour, IN (Jackson Co.) as needed. Termites were maintained on corrugated cardboard and Þlter paper in the laboratory at 28ЊC, 80% relative humidity, and a photoperiod of 13:11 (L:D) h. Assays were held under the same environmental conditions. Termites were used within 1 mo of collection and only workers were used in the assays. Termites from a minimum of two locations (colonies) were used for each assay, with each of the two colonies being used for half of the replicates. If more colonies were available, they were used and replicates divided evenly among the colonies.
For each sample date, location, and moisture treatment, and for nonaged fresh bait, assays were replicated six times. One piece of bait weighing 3Ð 6 g was weighed to an accuracy of 0.0001 g and placed in each foraging chamber. One hundred termites were then introduced into the corresponding harborage chamber to initiate the assays. Similar sized pieces from the same bait cylinders were weighed and then ovendried for 8 h at 204ЊC and allowed to cool overnight in a dessicator. The weight loss after drying provided a correction factor used to calculate the expected dry weight of bait pieces used in the assay. For assays of bait aged for 0 Ð 4 yr, termites were allowed to feed for 7 d, at which time bait was removed from the chambers, dried as speciÞed above and weighed. Bait pieces sampled at 5 yr were assayed for bait consumption and mortality. Assays were conducted as above but there were eight replicates and assays were run for 42 d to allow for mortality due to chitin synthesis inhibition associated with ecdysis. Consumption and mortality were compared with fresh (nonaged) bait and to the bait matrix without active ingredient, which served as an untreated control.
The software package used for statistical analyses was JMP (Version 10.0.2. 2012. SAS Institute Inc., Cary, NC). Novißumuron concentrations in aged baits were compared with the expected concentration of 0.5% using 95% CIs. For each site and type of irrigation, paired comparisons of consumption for aged versus fresh bait were conducted using a t-test. Comparisons of survival and consumption of 5-yr samples were conducted using one-way ANOVA and means separated with TukeyÐKramer HSD (honestly signiÞcant difference) test (P ϭ 0.05). 
Results
Baits received from Þeld sites had some cracking, and a small amount of external ßaking, but a visual estimate of percentage degradation of samples aged for 5 yr ranged from 1 to 5%. Results of novißumuron analyses are presented in Fig. 2 . There was some variability in the results, but 95% CIs around means for analytical results included the expected 0.5% concentration in all samples except for the 48 mo sample from the Mississippi irrigated site. For this sample, the lower end of the 95% CI was actually higher than 0.5% (0.61%). Some variability in either the analysis or the initial concentration may have been responsible for this result. There did not appear to be any trend toward reduced percentages of novißumuron in samples over time, suggesting that baits maintain the novißumuron concentration for a minimum of 5 yr.
The 4-yr results of feeding bioassays with fresh versus aged durable bait are shown in Fig. 3 . Because these were no-choice feeding assays, only six replicates of the fresh durable bait assay were conducted for each sample interval and these were compared with each of the aged samples. So the line indicating consumption of fresh durable bait is the same in all graphs in Fig. 3 with slight differences because of different scales on some of the graphs. During the Þrst year, there were no signiÞcant differences in consumption of aged and fresh durable baits aged at Clemson. At 15, 21, 33, and 39 mo, termites consumed signiÞcantly more aged bait than fresh bait. At 27 mo termites consumed signiÞcantly more fresh than aged durable bait. The Clemson samples showed a clear trend for numerically greater consumption of aged durable bait after the Þrst year, but there were exceptions at 18 and 27 mo. Consumption of fresh durable bait was Յ100 mg throughout the study and was relatively consistent, while consumption of aged durable bait was quite variable.
Termites consumed numerically more aged durable bait from Fowler, IN, than fresh durable bait on most sample dates (Fig. 3) . One notable exception was the 9 mo sample. Termites did not consume any of the aged durable bait samples from natural rainfall plots on this date and consumed slightly less of the aged durable bait from irrigated plots than they did fresh durable bait. Other than this sample date, termites consistently consumed more aged than fresh durable bait in natural rainfall plots and the differences were signiÞcant for 12-, 21-, 27-, and 39-mo samples. Consumption of aged durable baits in irrigated plots at Fowler was slightly less than fresh durable baits on three dates, but the differences were not signiÞcant. Consumption of aged durable baits was greater than that of fresh durable baits on all other dates and the differences were signiÞcant for 12-, 24-, 27-, 30-, 36-, and 48-mo samples. There were three dates that samples could not be taken at this site because the stations were frozen for an extended period of time.
As with the other two sites, samples of aged durable bait from Wayside, MS, tended to be consumed at a higher rate than fresh durable bait (Fig. 3) . More fresh durable bait was consumed than aged durable bait on only two occasions in each of the natural rainfall and irrigated plots and the differences were signiÞcant only in natural rainfall plots for 27-mo samples. There was signiÞcantly more aged durable bait consumed compared with fresh durable bait for 6-, 12-, 18-, 21-, 30-, 36-, and 48-mo samples taken from natural rainfall plots; while only 18-, 36-, and 48-mo samples from irrigated plots had signiÞcantly greater consumption of aged than fresh durable bait.
Consumption was quite variable for aged durable baits at individual locations, so consumption data from all locations were compared with those for fresh durable bait (Fig. 4) . Means for consumption of aged durable baits across all locations were consistently greater than those for fresh durable bait and the differences were signiÞcant at 18, 30, 33, 36, and 48 mo. Although differences in mean consumption for aged and fresh durable baits were not as extreme when all locations were combined as for some individual locations, consumption of aged durable baits over time was still more variable than consumption of fresh durable bait.
In the 42-d assay of samples aged for 5 yr, termites consumed signiÞcantly (F ϭ 3.96; df ϭ 7, 56; P ϭ 0.002) more durable bait matrix without active ingredient (blank durable bait) and more aged durable bait from irrigated plots in Indiana and from both natural and irrigated plots in Mississippi than fresh durable bait (Fig. 5) . Consumption was lowest for fresh durable bait, results similar to those from 7-d assays of aged versus fresh durable bait. Thus, aged durable bait consumption remained equal to or greater than that of fresh durable bait in all 5-yr samples from Þeld sites. Survival of termites fed blank durable bait was significantly greater (F ϭ 14.50; df ϭ 7, 56; P Ͻ 0.0001) than that for termites fed any bait containing novißumuron, and there were no signiÞcant differences among the novißumuron durable baits. Thus, durable bait aged 5 yr in the Þeld was equivalent to fresh durable bait in toxicity.
Discussion
Durable baits tested in this study were physically durable and retained concentrations of novißumuron when aged for 5 yr in plots at diverse locations. All aging locations were chosen within geographies known to be inhabited by structure-infesting termites and were selected to test the bait under conditions likely to cause degradation. Freezing temperatures, heat, and moisture all contribute to wood degradation and these conditions existed in our Þeld sites.
There was not a reduction in consumption because of aging. In fact, more aged bait from most sample dates was consumed than fresh bait. The fact that termites feed more heavily on decayed wood than on fresh wood has been known for some time. Esenther and Beal (1974) used decayed wood blocks for their mirex termite baits, and Cornelius et al. (2002 Cornelius et al. ( , 2004 found that termites showed a preference for wood infested with various fungi. Whether infestation of durable baits by naturally occurring fungi contributed to the preference for aged durable bait over fresh is not known. It is conceivable that variation in colonization of baits by various fungi may have contributed to the variation in consumption observed in our studies. The response may also be because of the physical nature of the bait surface. Aged baits tended to crack, and changes in the surface of durable baits may have elicited greater feeding than observed with fresh durable bait. Delaplane and La Fage (1989) found that termites preferred to feed on wood that was previously exposed to termites over unexposed wood. They indicated that the response was due to thigmotactic cues on the surface of the wood rather than to pheromonal cues.
Finally, the durable bait remained toxic to termites and was no less toxic than fresh durable bait even after aging in the Þeld for 5 yr. Mortality of termites fed blank durable bait (untreated control) was higher than desired in this trial because of the length of the trial (42 d). Because novißumuron interferes with chitin synthesis (Karr et al. 2004) , toxicity occurs primarily in conjunction with ecdysis, and an extended period of time is required to allow for adequate expression of mortality in treated termites. The high amount of mortality in our trial would be a major concern for short-term tests of acute toxins, which normally last only a few days, but it is normal in our long-term trials.
In conclusion, our data suggest that this termite bait would be durable for at least 5 yr and possibly longer under most environmental conditions. Studies are continuing to determine the durability of this bait beyond 5 yr.
